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3ACTOCYBAHHS HAITPABJIEHOI'O CTPYMOBOT O 3AXUCTY JJIA
BUABJIIEHHA HEIIOBHO®A3ZHUX HABAHTAXKYBAJIBHUX PEKUMIB
Y MEPEKAX 3 EOEKTUBHO 3A3EMJIEHOIO HEUTPAJLITIO

Y cmammi npoananizosano eenuyunu, HanpAMKYU Ma CRi6BIOHOUEHHS YMOBHOI NOMYHCHOCMI HY1b080I
ma 380pomHOI NOCHIO0BHOCMI 8 pedcuMax no3008cHboi Hecumempii. Jlosedeno Mmodcaugicms
3ACMOCYBAHH  YUX 6enuyun Ol 3AXUCHLY Mepedc 3  epeKmugHo  3a3eMIEHOI0  Helumpaiiio.
3anpononosano 0na 3axucmy 6i0 HENOGHOMAZHUX PeNCUMIE SUKOPUCTNOBYBAMU HANPAGIEHUN 3AXUCH
VMOBHOI NOMYICHOCTHI 360POMHOT ROCTIO06HOCTI, AKUU NPAYIOE 3A PAKMOM ZHAXOOHCEHHSL APSYMEHINY YUX
nOMYdCHOCmeEU Y 3a0aHUX CeKmopax KOMNLEKCHOI NIOWUHU.

Knwuoei cnosa: mnenosnogasni pesicumu, pereiHuil 3axXucm, YMOGHA NOMYIICHICMb 360POMHOT
NOCI00BHOCHI, NYIbLCYBATLHA NOMYIHCHICb.

Po3rasia npo6aemu

3riguo 3 Bumoramu 1. 3.2.106 IIYE [1] ans miniit 110 kB y mepexax 3 eheKTHBHO 3a3€MJICHOIO
HEUTpaJUII0 TOBHMHHI OyTH mepenbadeHl NpucTpoi penerHoro 3axucry (P3) Bim MbkdaszHux
3aMHMKaHb Ta BiJ 3aMUKaHb Ha 3€MJIIO. 3aXUCT BiJ PEXKHUMIB MO3J0BKHbOI HECUMETpPII HAa TaKUX
JHIAX HOPMAaTUBHUMHM JIOKYMEHTaMU HE€ TIepeadadeHo. Y pas3l BUHUKHEHHS HENOBHO(Aa3HUX
pPeXKHMMIB MOXJHMBA HENpaBUibHA, 3aiiBa pobotra mpuctpoiB P3 CyMDKHHX €JIeMEHTIB
EJICKTPOMEPEXKI Ta TOPYIIEHHS B pPOOOTI €NeKTpOOOSaJHAHHSA CIOXXHBA4YIiB — JBUTYHIB 1
TpaHcpopMaTOopiB.

ITlin wac po3poOku mnpuctpoiB P3 mupoke 3acTocyBaHHS OTPUMaB METOJ CHUMETPUYHUX
CKJIaJHUKIB [2], OJHUM 3 OCHOBHMX IIOCTYJaTIB SIKOIO € TBEPJKEHHS Ipo Te, L0 Micle
BUHUKHEHHSI HECUMETPUYHOI'O IOIIKO/DKEHHS € JDKEPEIIOM IOTYKHOCTEH HYJIBOBOI Ta 3BOPOTHOI
MOCIIIZIOBHOCTEN. 3a HasIBHOCTI AOCTaTHHOTO CTPyMY ()aKT BUHUKHEHHS HEMOBHO(A3HOTO PEKUMY
no0pe BUSIBISETHCS CTPYMOBHUM HAMPABJICHUM 3aXHCTOM HyIboBOi1 nociimoBHocti (C3HII). Ha
MIICTAHII, BII AKOi BIIXOJATh JEKUIbKA JIHINA, MOIIKO/KEHY MOKHA BHUSBUTH 3a HANPSMKOM

BekTopa /() BigHOCHO U(): MOTYXHICTD S() Ha momko ke i [1J1 Oyne nanpapiiena Bij JiHii 70 MIHH
[1C, a na iHmux, Henoukomkenux I1JI, naBnaku, Oyne postikatucs Bif muH IIC y minii. Takuii
3axuctT npu K3 13 3aMuUKaHHAM Ha «3€MJII0» OJJHAKOBO €()EeKTUBHO IMPALIOE SK Y pajiajJbHUX, TaK 1 B

3aMKHYTHX KUIBLIEBUX Mepexkax. 3a BEJIMYUHOIO CTPYMY /() MOXKHA 3HANTH BiacTaHb 10 Micis K3 1
BH3HAYUTH, JIe CTanach aBapis: Ha cBoid [1J] um Ha miHigX, mo BiaxoasaTh Bix cymbkHOI [IC. V pa3si
BUHUKHEHHS HEMOBHO(DA3ZHOTO PEXKUMY 3a JIOCTATHIX BEIWYUH CTPYMIB MOKHA BUSBUTH, 3 OOKY
saxoi LI, mo Bigxomsats Big mmH I[IC, ctamacs aBapis. Ane 3acrtocyBanHsi C3HII y Garatpox
BUIIAJIKaX XapaKT€PU3y€eThCS HEJAOCTATHHO BUCOKOIO YYTIUBICTIO.

VY nmpucrposix P3 ¢ipmu Schneider FElectric s BusiBneHHs oOpuBY NpOBOAY Ha JIHIl

3aIPOIIOHOBAHO ~ BHKOPUCTOBYBaTH  cuiBBimHouwieHHss [ /ly.  Awnanoriunuii  anroputm

BukopucToBye ¢ipma General Electric. BukopuctoByroun Takuii MeETOJ, MiJ] 4aC BHUHUKHEHHS
00pWBY Ha OJIHIN 3 JBOX MapaJIebHUX JIIHIA MOXHA BIPI3HUTH, SIKa 3 HUX MOIIKODKEHA, a sIKa —

crpaBHa. 3HaueHHs [) Ha 000X JiHISX OyayTh OaHaKoBi, ane /| Ha IMOIIKOUKEHIH Oyxe MeHie,
HiK Ha crpaBuiil. Bignosigno cniBinnomenus / o) /1 1 A7 MOIIKOJKEHO] iHii Oye OUIbImnM, HIK
JUISL CIIPABHOL.

AuJe 3acTOCYBaHHS TaKOrO MIAXOAY Ul NPOXITHUX (TPaH3UTHUX) MIICTAHIINA 3 MAaJIUM BJIACHUM
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CIIO)KMBAHHSM € JIOCHTH HPOOIEMaTHYHAM, TOMY WO criBBinHowenHs [y /1] Ha 06ox miHisSX — i

MOIIKOJ/KEHIM, 1 cripaBHI — OyqyTh Ay)Ke ONM3bKI 3a 3HAUEHHSIM, L0 HE J1a€ MOKJIUBOCTI IS
CEJICKTUBHOI poO0oTH 3axucty [3].

OOrpyHTYBaHHS pe3yJbTaTIiB

[IpoananizyemMo MOMJIMBICTh BUSBJICHHS HEMOBHO(DA3HOTO HABAHTAXYBAIBHOTO PEKUMY Ha
MPUKIIAI po3moautbHOT KiTbiieBoi Mepexi 110 kB (puc. 1). O6MexuMOCh aHATI30M MOTY)KHOCTEH

HYJIbOBOI nocaigoBHocTI S, =3U 1 ,, yMOBHOI IOTYKHOCTI HylnbOBOI nocuinosuocti S,, =3U, 1,

K1 TIepefaroThCsl MO JIHIAX, Ta YMOBHOI MOTYXHOCTI HYJbOBOI HOCIIIOBHOCTI TpaHCc(hOpMAaTOpiB

Sior = 3U, I o1 - BUKOPUCTaHHS NOTYKHOCTEH 3a0€311€YNTh MOKIIUBICTh IOPIBHAIBHOTO aHAJII3Y.

VY Tabn. 1 HaBemeHO pe3ynbTaTH PO3PaxyHKY KUTbLIEBOT Mepexi y pa3i o0puBy dazu A JI-3. s
HAOYHOCTI HANIBXUPHUM IMPU(YTOM BUIUIEHO JaHi, IO CTOCYIOTHCSA TOIIKO/PKEHOT JIiHIi.
Po3paxyHOK BHKOHaHO METOJOM CHMETPUYHUX CKJIAJHUKIB 13 BUKOPUCTAHHSIM TaKHX JaHUX:
noTyxHicTb cucremu S, =1000MB-A (X , =X, =13,20m, X , =L4X, =18,50m); noronxi
ONOpH JIHIA NpAMOi, 3BOPOTHOI Ta HYJAbOBOI mociigoBHocted Z =7, =0,125+ j0,41
Om/km.; Z_ , =0,274 + j1,38 OM/KM.; HOTYXKHICTB TpaHCchopmMaTopiB S, =16 MB-A (u. =0,105);
HOTYXKHICTh HAaBaHTaKEHb S, =10MB-A (cosg, =0,866), S,, =5a6010 MB-A
(cosep, =0,866).

tor. 1 mor.2

IcC 1
110 xB JI-1, =50 km.
: H-1
@ 4 I3, 125 k. T2, =25 K. ﬁ@
——o o
B =
C
I[c2
H-2
Puc. 1. Po3paxyHkoBa cxeMa KiJIbIIEBOI MEpPExKi
Tab6muus 1
PesynbTaTi po3paxyHKiB HenmoBHO(a3HOro peskumMy y pasi oopuBy ¢asu A ainii JI-3
I . ini T
1CTaHIIA, J1HIA ABAHTAXKCHHA § , § 0> § 10 § 10T -
MB-A kB-A MB-A MB-A
IC-1, JI-1 = 12,2 L28° L-101° L 28° -0,7 LL39°
, SH2 = SHl , 8 3,7 0 0,8 8 0,7 L_39
SH2 = ()’SSH1 9,6 L29 1,8 L-101 0,6 L_28 -0,5 139
Ic-1, J1-2 (JI-3) SH2 = SHl -2,3 L26° 6,7 L84° -1,5 L33° -0,7 L39°
SH2 = ()’SSH1 0,3 L_48° 3,3 L84° -1,0 L33° -0,5 L39°
[1C-2, JI-2 (JI-1 = 2,3 L26° L -58° 1,5 L33° -1,3 L41°
, (JI-1) SH2 = SHl , 6 0,9 L-58 ,5L33 3
SH2 = ()’SSH1 -0,3 L48 0,4 L-58 1,0 L33 -0,9 L41
- - _ o o - [e] - o
I1C-2, JI-3 SH2 = SHl 7,5 L30 1,6 L126 2,7 L37 1,3 L41
SH2 = ()’SSH1 5,3 L30 0,8 L_126° -1,9 L37° -0,9 L41°
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I3 naBemenoi Tabmuui BumauBae, mo o6puB ¢aszu JI-3 MoxHA BUABUTH 32 apryMEHTOM
HOTYKHOCTI S, 3aCTOCYBaHHs $KOI 3a0e3ledye MOKIHMBICTh CEJIEKTHBHOI POOOTH 3aXHCTy B
KUIBLIEBIA Mepekl. 3BaKaloyM Ha TE, IO apryMEHT MOTYXKHOCTI S, 3MIHIOETbCA y (IKCOBAHMX
cekTopax BianmoBimHO Bix 84 mo 126 en. rpamyciB Ta Big -101 mo -58 ein. rpagyciB, siKi BIIMOBIIAIOTH
MOIIKO/KEHIN 1 HEMOIIKOKEHIM JHISIM, 1 11 CEKTOPH 3alWIIAlOThCs TAaKUMU K Yy pasl
MOIIKO/KEHHS Oy/b-AKOi 3 (ha3, 3a 3HAUEHHSAM apryMEHTYy MOKHa BUSBUTHU IOILKOJDKEHY JIHIIO ¢
3a0€3MeYNTH CEJEKTUBHICTh BUMHUKAHHS IOIIKOJDKEHOI JIiHIL, MOOyqyBaBIIM MPSMO 3aJEKHY
XapaKTEepPUCTUKY 4Yacy BUMHUKAHHS BiJ apryMEHTY Ili€i MOTYXHOCTL. APryMeHT i€l MOTY>KHOCTI
ouremuit Ha JI-2 TIC-1, nik Ha JI-3 T1C-2, sika € momkopkeHoto. Lls B1acTuBicTh € CTaOUIBHOIO 3a
pI3HHX CHIBBIIHONIEHb MOTYXKHOCTEH. OIHAK YyTJIMBICTh € HEJOCTaTHBO BHCOKOMIO (S,=800 B-A
npu S =5,3 MB-A).

OO0puB (azu MOKHA TaKOK BUSBUTH 32 apPTyMEHTOM IIOTYKHOCTI S, (KyTOoM 3CyBy (a3 CTpyMiB
io BimHOCHO Hampyru U . ), OCKUIBKM HaIpsAMOK I[i€] BEIMYUHU JUI MOIIKOKEHO] JIIHI{ KUIbLEBOT
Mepeski 3MIHIOETbCS Ha MPOTHIICKHUN BITHOCHO HAIpPSIMKY MOTYXHOCTI S . 3Bakarouu Ha Te, 110
apryMeHT IOTYKHOCTI S, nepedyBae y (PIKCOBaHMX CEKTOpax, AKl BIINOBIAAIOTH MOIIKOMKEHIN 1
HEMOIIKODKEHIH JIIHISIM, 1 MOJIYNb i€l moTykHOCT1 Outbuit Ha JI-3 TIC-2, nok Ha JI-2 TIC-1, 3a
BUKOPHUCTaHHs IOTYKHOCTI S, abo cTpymy io MOXHa 3a0e3MeYUTH CEJIEKTUBHE BUMKHEHHS
MOIIKOKeHOT JiHii JI-3.

Jlns 3a0e3nedeHHs CeNeKTUBHOI POOOTH 3aXKCTy 3a MOTYXKHICTIO S, a00 cTpyMOM io ITIOBHHHA
Oyt mepembadeHa OOEpHEHO 3aJIeKHA XapaKTEPHUCTHKA Yacy CIpAIfOBaHHS BiJ MOJYJIA IUX
I
HETIOIIKOKEeHI (pa3am, 3MiHIOEThCS Ha 120 en. rpaayciB 3ajieHO Bim TOro, sika came (aza €
HNOIIKO/UKEHOK. AJIE OCKUIBKHM Il CEKTOPH € 3HAYHO BY)KYMMH, HDK JUIS IOTYKHOCTI S,, TO

BenuuuH. CeKkTop, SKUM BH3HAYAIOTh APryMEHTOM S 10 BIINOBIIA€ TOLIKOHKEHIN 1

10 » 0°

peanizailisi TaKOro 3aXHCTy B MIKPOIPOIIECOPHOMY BUKOHAHHI MOXHBa. [Ipu 11boMy 4yTIMBICTH
3aXUCTy 3 BUKOPHCTaHHAM S, 3pOCTa€ MOPIBHAHO 3 TUM, AKIIO IHPOPMATHBHOIO € NOTYXKHICTb I,

(8,,=1,.9MB-A mpu §=5,3 MB-A).

Jlo1aTKOBOIO YMOBOIO, SIKa MO’KE€ OyTHM BHUKOPHCTaHA JIJIi BU3HAUCHHS MOIIKOJKEHOI JIHII €
HaNpsIMOK MOTYKHOCTI S, Ha Lii migcranmii. Skmo S,,; po3TalloBaHUI B TOMY K CEKTOpI, 11O 1
S|, KOHTPOJBOBAHOI JIiHIi, TO JIiHIA MOIIKOJKeHa. LI ymoBa € HEOOXimHOIO [UIS JiHIM, HA SKHX
BIOyBa€ThCA 3MIHA HAIIPSIMKY [1€pPEIaBaHHs MOTYXKHOCTI

Tabmums 2
Pe3ynbTaTi po3paxyHKiB HemmoBHO(a3HOro pexxuMy B pasi o0puBy paszu A jdinii JI-2
ITigcranuis, nidis HapanraxeHns S, S, S,0» MB-A Sior>
MB-A kB A MB-A
Ic-1, Ji-1 S,=S, 8,4 L29° 0,3 L-101° 0,3 L32° -0,2 L43°
S.,=0,5S 7,7 L29° 0,8 L-101° 0,4 L32° -0,3 L43°
IC-1, J1-2 (JI-3) S,=8, 1,5 L30° 0,6 L 84° -0,4 L_37° -0,2 L_43°
S,=05S8, 2,2 L30° 1,3 L84° -0,7 L37° -0,3 L43°
Ic-2, Ja-2 (JI-1) S,=S, -1,5 L31° 0,4 L 82° 0,4 L37° 0,1 L 44°
S,=05S8, -2,2 L31° 0,8 L 82° 0,7 L36° 0,2 L44°
Ic-2, JI-3 S,=S, 11,4 L30° 0,3 L-101° -0,3 L33° 0,1 L44°
S.,=0,5S 7,2 L30° 0,6 L-101° -0,5 L33° 0,2 L44°

VY Tabn. 2 HaBelEeHO pe3yNIbTaTU PO3PaXyHKIB HEMOBHO(A3ZHOTO pexumMy B pasi oOpuBy dazu A4
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ninii JI-2, 3 AKoi BUAHO, IO OJJHAKOBICTh PO3MIILEHHS BEKTOPIB S, KOHTPOJIBOBAHOI JiHII Ta ¢

tpanchopmaropa IIC € OCHOBHMM KpuUTEpiEM BHUABJICHHS OOpWUBY TMpoBOJa I JHIA 3
peBepCYBaHHIM HAIPSIMKY TIepeIaBaHHS MTOTYKHOCTI.

Bonnouac, sxmio Heditpans Tpanchopmaropa Ha [IC-1 abo T1C-2 po3zemiieHa, To 3aCTOCYBaHHS
BEJIMYMH HYJIbOBOI MOCIIIOBHOCTI JUISl CEJIEKTUBHOTO BUMKHEHHSI IIOILKOJKEHOT JIHII HEMOXIIMBE.
3a3HaueHa OCOONMBICTh BHMMAara€ BpaxyBaHHS LbOro (axkTopa MmiJ yac BHOOpPY MiACTaHLIN 13
PO33eMJIEHUMU HEUTpaIsiMu TpaHchopmaTopis.

BucHoBxku

[Ipoanani3oBaHO  BENMYMHU, HANOpPSIMKA Ta  CIIBBIIHOIIEHHS MOTYXHOCTI  HYJIbOBOL
MOCJIIZIOBHOCTI, YMOBHUX TOTYKHOCTEH HYJIbOBOi Ta 3BOPOTHOI MOCHITOBHOCTEH Yy pexuMax
M03/I0BKHBOT HECUMETDIi.

Jlig 3axycTy BiJ] HENMOBHO(A3HUX PEXKHUMIB JIHIA >KUBJIEHHS 3 OJHOCTOPOHHIM HaIpPSIMKOM
nepelaBaHHs MOTY)KHOCTI 3allpONIOHOBAHO BUKOPHCTOBYBAaTH HAIlpaBJICHUNM 3aXHCT YMOBHOI
MOTYKHOCTI HYJIbOBOI IOCI1IOBHOCTI (CTPYMY HYJIBOBOI MOCIIIOBHOCTI), SIKUHM MpaIioe 3a (pakTom
3HAXOJKEHHS apryMeHTa I1i€i MOTYKHOCTI (CTpyMY) B 3aJJaHMX CEKTOPaX KOMIUIEKCHOT MJIOIIMHH.

JUis JiH1M )KUBJIEHHS 3 IBOCTOPOHHIM HAIIPSIMKOM IepeAaBaHHs MOTYKHOCTI B SIKOCT1 KPUTEPIIO
00puBY mpoBoaa ojHIeT Pa3u JiHIl KUTBIIEBOI MEpexi 3alpONOHOBAHO OJHAKOBICTH PO3MIIIEHHS
BEKTOpIB S, KOHTPOJIbOBAHOI JIiHIi Ta S, TpaHchopmaropa IIC.
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ENERGETICS AND ELECTRICAL ENGINEERING

M. L. Burbelo, Dr. Sc. (Eng.), Prof.; S. M. Melnytchyk; O. O. Emelianov

APPLICATION OF DIRECTIONAL CURRENT PROTECTION FOR
DETECTION OPEN PHASE LOADING MODES IN THE GRIDS WITH
EFFICIENTLY GROUNDED NEUTRAL

The paper analyzes the values, directions and relations of conventional power of zero and negative
sequence in longitudinal asymmetry modes. The possibility of such values application for protection of grids
with efficiently grounded neutral is proved.

For the protection against open-phase modes the directed protection of conventional power of negative
sequence, operating after determining the argument of these powers in p-reset sectors of complex plane is
suggested to use.

Key words: open-phase modes, relay protection, conventional power of negative sequence, pulsating
power.

Problem statement

In accordance with the requirements of Clause. 3.2.106 of Rules of Arrangement of Electrical
Installations [1] for lines of 110 kV in the grids with efficiently grounded neutral relay
protection(RP) devices against interphase short circuit and earth shortings must be provided.
Protection against the modes of longitudinal asymmetry on such lines is not provided by normative
documents. In case of open-phase modes arising faulty, redundant operation of relay protection
devices of adjacent elements of electric grid and disturbances in the functioning of electric equipment
— motors and transformers is possible.

In the process of development of relay protection (RP) devices the method of symmetrical
components [2] found wide application, one of the principle postulates of this method is the
statement that the place of asymmetric fault rise is the source of powers of zero and negative
sequences. If sufficient current is available, the fact of open-phase mode occurrence is determined
by current directional protection of zero sequence (CPZS). At the substation, from which several

lines leave, the faulty line can be detected by the direction of vector /) relatively Up :— power Sy at

the damaged overhead transmission line (OL) will be directed from the line to the bus of substation,
and at others, non damaged OL, vice versa, it will spread from the buses of substation in the lines.
Such protection in case of short circuit with short circuiting on the ground operates also efficiently,

both in radial and in closed circular grids. By the value of the current [y the distance to the place of
short circuit can be found and determine where the failure occurred: at own OL or at the lines,
which leave the adjacent substation. If open-phase mode occurs at sufficient values of current we
can detect on the side of which OL that leaves the buses of substation the failure took place.
However, application of CPZS in many cases is characterized by insufficiently high sensitivity.

In relay protection devices, manufactured by the company Schneider Electric for detection of wire
break on the line the relation 7, /7, is suggested to use. Similar algorithm is applied by the company
General Electric. Using such method when the break took place at one of two parallel lines, we can
determine which line is damaged and which one is operational. Value of 7, at both lines will be the
same, but /, at the damaged line will be less than at operational line. Correspondingly, relation
1, /1, for the damaged line will be greater than for operational line.

But application of such an approach for transit substations with small own demand is rather
problematic, because the 7, /1, relation at both lines — damaged and operational — will be very close
by value and this will not provide the possibility for selective operation of the protection [3].
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Substantiation of the results

We will analyze the possibility of detection of open- phase loading mode on the example of
distributed circular grid 110 xV (Fig. 1). We will perform only the analysis of powers of zero

sequence S, = 3U0 I, , conventional power of zero sequence §,, = 3U] I, which are transmitted by

lines, and conventional power of zero sequence of the transformers S, =30, I o+ - Usage of the
powers will provide the possibility to perform the comparative analysis.

Table 1 contains the results of circular network calculation in case of phase 4 L-3 break. For
convenience, data, regarding the broken line are marked with half-bold type. The calculation is
performed applying the method of symmetrical components, using the following data: power of the
system S =1000MW-A (X,=X_,=1320hm, X  =14X_ =18.50hm); linear resistances
supports of the lines of direct, reverse and zero sequences Z,, , =7, ,=0.125+ j0.41 Ohm/km.;
Z,. ,=0.274+ j1.38 Ohm/km; power of the transformers S,, =16 MW-A (u_, =0.105); power of
loads S, =10MB-A (cos¢@, =0.866), S,, =50r 10 MW-A (cos¢p, =0.866).

110 kV L-1, /=50 xm. nel
load-1

4 L-3, [=25 km. L-2, /=25 km. “‘g
L 4
“B 1
C

| S.St. 2

load-2

Fig. 1. Calculation scheme of circular grid

Table 1
Results of open-phase mode in case of A phase break of line L-3

Subiﬁalteion, Load § > §o > §10 > §]0T >

MW-A kV-A MW-A MW-A
S.St-1, L-1 S,=S, 12.2 L28° 3.7 L-101° 0.8 L28° -0.7 L39°
S, =058, 9.6 L29° 1.8 L-101° 0.6 L28° -0.5 L39°
S.St.-1, L-2 (L-3) S,=5,, -2.3 L26° 6.7 L 84° -1.5 L33° -0.7 L39°
S, =058, 0.3 L48° 3.3 L84° -1.0 L33° -0.5 L39°
S.St.-2, L-2 (L-1) S,=8S, 2.3 L26° 0.9 L-58° 1.5 L33° -1.3 L41°
S, =058, -0.3 L48° 0.4 L-58° 1.0 L33° -0.9 L41°
S.St.-2, L-3 S,=85, 7.5 L30° 1.6 L126° -2.7 L37° -1.3 L41°
S, =058, 5.3 L30° 0.8 L_126° -1.9 L37° -0.9 L41°

From the given table it follows, that phase L-3 break can be detected by the argument of power
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S, application of which provides the possibility of selective operation of protection in circular grid.
Taking into account the fact, that power argument S, varies in fixed sectors from 84 to 126

electrical degree and from -101 to -58 electrical degrees , that correspond to damaged and non-
damaged lines and these sectors remain the same in case of damage of any phase, the damaged line
can be detected by the value of argument and provide the selectivity of damaged line switching can
be provided, having built directly dependent characteristic of switching time on the argument of this
power. Argument of this power is greater at L-2, S.St.-1 than at L-3 S.St.-2, which is damaged. This
characteristic is stable at different relations of powers. However, sensitivity will not be sufficiantly
high (§,=800 V-A at §=5.3 MV-A).

Break of the phase can be detected by power argument S, (angle of currentio phase shift

relatively voltage U, ) as the direction of this value for damaged line of circular grid changes into
opposite relatively power § direction. Taking into consideration that power argument S, is in fixed
sectors, corresponding to damaged and non-damaged lines of this power more than at L-3 S.St.-2
than at L-2 S.St.-1, using power §,, or current I » selective disconnection of damaged line L-3 can
be provided.

To provide selective operation of the protection by the power S,, or current io reverse
dependent characteristic of operation time on the modulus of these values must be provided. Sector,
determined by the argument §,,, io, that corresponds to damaged and non-damaged phases,
changes into 120 electric degrees depending on the fact, what phase is damaged. But as these sectors
are much more narrower, than for §, power, then realization of such protection by means of

microprossesor is possible. Sensitivity of the protection using S 10 Increases, as compared with the

fact that informative is power S, (§,,=1.9 MV-A at §=5.3 MV"-A).

Additional condition that can be used for detection of the damaged line, is the direction of power
S,or at the given substation. If §,,; 1s within the same sector that S, of the controlled line, then

the line is damaged. The given condition is necessary for the lines, where the change of power
transmission direction takes place.

Table 2 contains the results of open-phase mode calculations in case of phase 4 of line L-2
break,it is seen from the Table that uniformity of vectors §,, of the controlled line and S, of S.St.

transformer is main criterion of wire break detection for lines with the reverse of power transmission
direction.

Table 2
Results of open -phase mode calculations in case of phase 4 of line L-2 break

Subiﬁalteion, Load § > §o > §10 > §]0T >

MV-A kV-A MW-A MV-A
S.St.-1, L-1 S,=8S, 8.4 L29° 0.3 L-101° 0.3 L32° -0.2 L43°
S, =058, 7.7 LL29° 0.8 L-101° 0.4 L32° -0.3 L43°
S.St.-1, L-2 (L-3) S,=85, 1.5 L30° 0.6 L_84° -0.4 L37° -0.2 L43°
S, =058, 2.2 L.30° 1.3 L84° -0.7 L37° -0.3 L43°
S.St.-2, L-2 (L-1) S,=8S, -1.5 L31° 0.4 L 82° 0.4 L37° 0.1 L44°
S, =058, -2.2 L.31° 0.8 L 82° 0.7 L_36° 0.2 L44°
S.St.-2, L-3 S,=8S, 11.4 L30° 0.3 L-101° -0.3 L33° 0.1 L44°
S, =058, 7.2 L.30° 0.6 L-101° -0.5 L33° 0.2 L44°
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As the same time, if the neutral of the transformer at S.St.-1 or S.St.-2 is disconnected from the
earth, then the application of zero sequence values for selective disconnection of the damaged line is
impossible. The above-mentioned characteristic requires taking into account of this factor while
choosing substations with transformers neutrals, disconnected from the earth.

Conclusions

Values, directions and relations of power, zero sequence, conventional powers of zero and
reverse sequences in longitudinal asymmetry modes are analyzed.

For protection against open-phase modes of supply lines with one-way direction of power
transmission the directed protection of conventional power of zero sequence (current of zero
sequence) is suggested to be used, the given protection operates on the fact of detection of this
power (current) argument in preset sectors of complex plane.

For supply lines with two-way direction of power transfer the uniformity of location of vectors
§,, of controlled line and §,,; of S.St. transformer is suggested as the criterion of wire break of

one phase of circular grid line.
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